The purpose of this study was to provide a more in-depth analysis of the psychometric characteristics of the Principal's Computer Technology Survey (PCTS). The PCTS developmental process yielded a 40-item survey with groups of items comprising five subscales (i.e., curriculum integration, perceptions, acquired expertise, needs assessment, and professional development). Principals' responses to items within the five subscales was measured on a five-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). An expert panel reviewed the instrument plus exploratory factor analyses and confirmatory factor analyses were conducted. This analysis resulted in a restructured instrument with seven subscales instead of the five hypothesized subscales and four fewer items. Measurement invariance of the instrument was found for gender and race. Cronbach's alpha for the 36 items was .94 and subscale Cronbach's alpha ranged from .78 to .90.
Validation of the Principal's Computer Technology Survey
Teachers have been at the center of efforts to achieve technology's promise of restructuring classrooms and increasing student achievement. Brooks (1997) hypothesized that the ultimate success or failure of technology in schools resided with teachers. To that end, technology-rich classrooms were established specifically for teachers to practice and to emerge loaded with technology expertise for their classrooms. In time, many schools were inundated with computer technology and teachers participated in computer technology staff development. Yet, technology did not yield the intended student achievement outcomes envisioned (Whitehead, Jensen, & Boschee, 2003) . The anticipated impact on teachers' instructional methods and increased student achievement failed to materialize.
However, the importance of principals in the integration of technology into classrooms was overlooked as teachers continued to receive training. Principals are a crucial part of the process in facilitating the integration of computer technology into the teaching and learning process. In 1995, the Office of Technology Assessment reported that if principals are comfortable with technology then principals will foster technology use in their schools. Cooley and Reitz (1997) concluded that the principal, more than any other educator, is the key to teachers' adoption and use of technology. Hope and Stakenas (1999) suggested three primary roles for principals relative to computer technology use in schools; role model, instructional leader, and visionary. Principals function as role models when applying computer technology to administrative and managerial tasks. Principals that are knowledgeable about computer technology and demonstrate a commitment to technology can personally assist teachers to acquire technology expertise. As an instructional leader, principals facilitate teachers' integration of computer technology into the teaching and learning process. Principals' knowledge of hardware and software applications can contribute to integration of technology into the curriculum. In the visionary role, principals establish a context for technology in the school. The visionary principal understands how technology can assist in restructuring the learning environment and empower teachers and students. Finally, Hope and Stakenas stated that the degree that principals are prepared to fulfill these roles is unclear.
Restructuring the teaching and learning process and increasing student achievement through the integration of technology requires leadership with vision and expertise. Slowinski (2003) and Golden (2004) stated that principals are responsible for leadership in knowing how best to use technology in the teaching and learning process, facilitating its integration into the learning environment, and making it possible for teachers to adopt technology. However, there is a threshold of technology expertise that principals must acquire to become the leader of technology utilization in their schools. On one hand, many principals have surpassed this threshold for incorporating technology to accomplish tasks and to facilitate its integration into teaching and learning. On the other hand, there are still principals that have not reached the threshold of expertise necessary for technology leadership. Golden (2004) indicated that the challenge facing principals is not the recognition of the capabilities of technology, but one of acquiring the expertise to become the leader in integrating technology into the classroom. In addition, principals need to develop a shared vision of technology use with their teachers. Principals that develop the expertise and that shared vision with their teachers can increase the pace for restructuring classrooms and increasing student achievement. Principals' use of technology and their expertise to be the school leader in integrating technology into the teaching and learning process needs further investigation.
Purpose of the Study
The purpose of this study was to investigate the psychometric characteristics of the PCTS. While Brockmeier, Sermon, and Hope (2005) carefully constructed this instrument, the authors presented little evidence of validity in their original work. A more in-depth analysis of the instrument's validity was warranted due to the intention of utilizing this instrument in a new investigation. First, each item was examined to determine whether the item belonged on the instrument and whether the item was technically well-written. Second, the instrument was examined to determine whether any items should be added, modified, or deleted to improve the instrument. Third, the instrument was analyzed to determine whether the items fit the hypothesized factor model. Brockmeier, Sermon, and Hope (2005) reported that elementary, middle, and high school principals in the state of Florida constituted the population for their investigation. A 20% stratified random sample of this population was selected from the Florida Education Directory. Five hundred questionnaires were mailed and 316 principals returned a completed and usable questionnaire. The response rate for the investigation was 63% after two mailings. Table 1 presents the number and percentage of principals responding to the PCTS by gender, race or ethnicity, educational level, school configuration, and level of computer technology expertise. Approximately 58% of the principals were female and 42% of the principals were male. The chisquare statistic was employed to determine if the proportion of respondents were similar to the overall population for gender. A nonsignificant chi-square, χ
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(1, N = 7,640) = .250, p = .617, indicated that the proportion of female and male respondents were similar to the overall principal population. Seventy-one percent of principals were Caucasian, 21% were African American, and 8% of principals were Hispanic. A nonsignificant chi-square, χ 2 (2, N = 7, 595) = .884, p = .643, indicated that the proportion of Caucasian, African American, and Hispanic respondents were similar to the overall principal population. Approximately 70% of principals reported having a master's degree, 17% of principals reported having an Educational Specialist degree, and 13% of principals reported having a doctorate. Almost 62% of principals reported working in an elementary school, while 20% of principals reported working in a middle school and 18% of principals reported working in a high school. 
PCTS Development: A Brief History
The current PCTS (see appendix A) is a modified version of a computer technology survey developed by Hope and used by Hope and Brockmeier (2002) . The PCTS development process entailed the delineation of specific domains for the construct of interest, item construction, and an analysis of item content by the authors. The developmental process yielded the PCTS that became a 40-item survey with groups of items comprising five subscales (i.e., curriculum integration, perceptions, acquired expertise, needs assessment, and professional development). Principals' responses to items within the five subscales was measured on a fivepoint Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). Brockmeier, Sermon, and Hope (2005) reported that Cronbach's alpha reliability for the PCTS total scale was .87. The subscale Cronbach's alpha coefficients were .82 for the curriculum integration, .60 for perception, .75 for acquired expertise, .86 for needs assessment, and .85 for professional development. Cronbach's alpha reliability coefficients were good to very good for the PCTS total scale and four of the five PCTS subscales. The authors deemed that the perception subscale was adequate for the purposes of their research. Appendix B presents the percentage of principals that responded to each of the items included in this analysis.
New PCTS Analyses
Although validity and reliability were addressed in the developmental process, further examination into the validity and reliability of the PCTS is warranted. To that end, the investigation began with a reexamination of the PCTS items and concluded with a statistical analysis of the PCTS structure.
Instrument Validation. To begin the process, an Expert Panel Review Form was developed to collect information from a panel of six experts. The expert panel included one current high school principal, four college faculty members of Educational Leadership and former principals, and one college faculty member of Educational Technology. The panel reviewed the PCTS for clarity of directions, adequacy of items to meet the intended purpose, item clarity, and grammatical correctness. In addition, panel members were asked to identify additional items that might improve the instrument.
Feedback from the expert panel was very positive. All expert panel members agreed that the survey directions were clear and the items matched the stated purpose. However, one panel member suggested that the purpose statement be changed to be more people-centered, perhaps beginning with, "We value your opinions …"
The expert panel identified only four items that potentially required modification. One expert panel member suggested for item 16, "The Technology Standards for School Administrators (TSSA) can assist me to facilitate computer technology integration into instruction," that the ISTE and/or NETS-A standards be employed rather than the TSSA. The International Society for Technology in Education (ISTE) developed standards for teachers, students, and administrators, while the NETS-A is the National Educational Technology Standards for Administrators.
All expert panel members suggested a change to item 25, "I access the Florida Information Resource Network (FIRN) for information," to reflect an accessible resource for principals in Georgia. Note that the expert panel resides in Georgia and that the planned study will be conducted in Georgia. A panel member suggested for item 26, "I would benefit from experiences that assist me to assess computer technologies influence on student achievement," that "professional development" be inserted before the word "experiences." Another panel member identified item 38, "I have participated in training designed to develop skills to facilitate teachers' integration of computer technology into the curriculum," as "not understandable." The panel member suggested an alternative wording for item 38. The panel member suggested rewording item 38 to state, "I participated in professional development activities related to becoming a more influential technology leader."
In summary, the expert panel was very positive about the PCTS items and directions. Panel members made a few substantive suggestions that will improve the PCTS. The potential modifications with the greatest impact are the suggested changes to item 16 and to item 38. A change to the different standards may be warranted in item 16. The suggested rewording to item 38 should make the intent of the statement much clearer to future respondents.
Statistical Analyses. The statistical analyses revealed a significant amount of information about the structure of the PCTS. The process included conducting exploratory factor analyses, confirmatory factor analyses, and an examination of the measurement invariance by gender and race or ethnicity. Muthén (2004) suggested these three analyses for instrument development in his lecture series on Statistical Analysis with Latent Variables. Exploratory Factor Analyses. Before the exploratory factor analysis began, three bootstrap samples were drawn from the 316 principal's responses to the PCTS items. One sample consisted of 10,000 responses and two samples consisted of 5,000 responses. This was done to ensure a sufficient sample size for the exploratory factor analysis and sufficient data for cross validation purposes. In the initial phases of the exploratory factor analysis, both SAS and Mplus were utilized for the analyses. Initially, an exploratory factor analysis was run allowing the PCTS items to load on an unspecified number of factors. Kaiser's criterion, Cattell's scree test, and residuals were examined for each of the factor models (Stevens, 2002) to select the most appropriate parsimonious factor model. One thing became apparent very quickly; the five-factor model hypothesized by Brockmeier, Sermon, and Hope (2005) did not fit the data well. All three of the criteria indicated that more than five factors were present. Kaiser's criterion of 1 indicated that there were up to 10 factors present, while Cattell's scree test indicated that seven factors fit the model. An examination of the residuals indicated a slight decrease in the root mean square residual from .042 to .031 as one went from 7 to 10 factors. After examining the individual item residuals and taking into account the other criteria, the more parsimonious seven factor model was selected for the confirmatory factor analysis.
In addition, the factor loadings of the PCTS items were examined. Based on the factor loadings and the expert panel's comments, two items (item 10 and item 25) were removed from further analysis. Although the expert panel noted nothing wrong with item 10, the item did not load on a single factor in any of the exploratory factor models. The expert panel noted the problem with item 25 and the item only loaded on one of the exploratory factor analytic models.
Confirmatory Factor Analyses.
Employing the information gained in the exploratory factor analysis as a guide, a confirmatory factor analysis using Mplus was run on the original data set with items 10 and 25 removed from the analysis. This was the initial baseline model used in other analyses. The comparative fit index (CFI), Tucker and Lewis fit index (TLI), root mean square error of approximation (RMSEA), and standardized root mean square residual (SRMR) surpassed minimal value fit indices for assessing model fit (see Table 2 ). The only exception was the chi-square statistic. Once other statistical analyses were conducted, it was noted that item 19 and item 39 were problematic. These two items had negative residual variances when running the confirmatory factor analyses. While constraint of these two items to nonnegative residual variances is possible in Mplus, the decision was to delete items 19 and 39 from the analyses. This resulted in a final baseline model. Appendix C presents the factor loadings for the seven factor model. The fit indices reported in Table 2 are only slightly lower than the fit indices from the initial baseline model. One might conclude that there is no difference in fit between the initial and final baseline models. After generating the final baseline model, separate multiple group analyses were conducted; one multiple group analysis by gender and another multiple group analysis by race or ethnicity. Mplus by default constrains intercepts and factor loadings to be equal across groups, allows residual variances to be free, and factor means are held at zero in one group and free in the other groups. Muthén and Muthén (2006) asserted that these default values are sufficient to establish measurement invariance. In these analyses male and White were the reference groups, while female and Black were the focal groups.
In the multiple group analysis by gender, the fit indices generated were very similar to the baseline fit indices. Table 2 presents the results of this analysis and one might conclude from these data that by gender the PCTS is measurement invariant. In the second multiple group analysis, measurement invariance of the PCTS by race or ethnicity was examined. In this first analysis only White and Black were considered. The fit indices in Table 2 were very similar to the multiple group analysis for gender and the baseline model. The RMSEA fit indice was a little higher than the baseline model (.073 vs. .059), but still met established acceptable criteria. It was concluded from these data that by race or ethnicity (White and Black) the PCTS is measurement invariant. In the description of the population and sample, the chi-square statistic was employed to determine if the proportion of White, Black, and Hispanic respondents were similar to the overall principal population. Although the proportions were similar, the Hispanic sample included only 24 principals. Therefore, a multiple group analysis including this group was not conducted.
Reliability Estimate. Finally, Cronbach's alpha was used to estimate reliability based on the instrument and reconstructed subscales with the four items deleted. Cronbach's alpha for the reconstructed 36 item instrument is .94 versus .87 for the original 40 item instrument. Cronbach's alpha for the new seven subscale model ranges from .78 to .90 versus .60 to .86 for the original five subscale model.
Conclusion
It is apparent from these data that the original PCTS items as developed and constructed by Brockmeier, Sermon, and Hope (2005) operated fairly well. Even the expert panel convened for this study only suggested a couple of minor improvements to a few items. The previous data seemed to indicate that their five subscale model was working very well, except for that one subscale that was deemed to have adequate reliability. However, an exploratory factor analysis followed by confirmatory factor analyses indicated that the five subscale model for this instrument did not fit the data well. A reconstructed seven subscale model emerged from this process that fits the data well and has more reliable dimensions. 
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